
II. 

National Aeronautics and Spaee Adminiatration 
Goddard Space Flight Center 
Contract No .14As-5-3?50 

ST RA- RWP- 10400 

LIFIIITATION OF THE RESOLUTIOIP 

OF RADIOTELESCOPES RADIOINTERFEROMETERS 

OH l!CCOU?4?! OF CONDITIONS OF RADIOWAVE PROPAWION 
IN SPACE AND IN TBE EAR!i!"S ATMOSPBERE 

[USSR 1 

1 8  O C T O B E R  1965 



ST- RA- RWP- 10400 

LIMITkTION OF ,,TaE RESOLUTION 
OF RADIOTELESCOP!ZS &ND RADI0RWEKFEROI"ERS 

ON ACCOlRQT OF CONDITIONS OF RADIOWAVE PROPAGATIOH 
DJ SPACE AND THE EARTH'S ATHWPEERE * 

Radiotekh- i Elektron&ke 
Tom 10, No.9, 1574-1582, 
I tdatel ' s tvo "NI';OE;A'l, 1965. 

by N o  L o  gaYdan0~- 
& N. A. Smirnova 

SU 1414 AR Y 

The influence of the condition6 of radiowave propagation in t he  

in the Ea r th ' s  atmosphere and in the cosmic space on the thre6hold reso- 
lut ion of antennas an2 of interferometers is reviewed in t h i s  paper. 
It is shown tha t  when cer ta in  conditions, imposed an the  frequents7 band 
and the time constant, are observed, the antenna dimension6 may be prac- 
t i c a l l y  unlimited bA the centimeter and short  decimeter w a t e s .  while the 
length of interferometers'  base is not confined,only fo r  waves shorter 
than 15 cm. 

In order t o  estimate the dimensions of very remote radiogalades,  
radiotelescopes with great threshold resolution are required t o  make pos- 
s ib l e  the investigations of brightness dis t r ibut ion of 6mall radio emis- 
s i o n  sources a n C  t he  ascertaining of the * * p ~ i n t n e s s ~ ~  of the object8 8 U s p e C t -  

ed  t o  be a r t i f i c i a l .  Assuming t h a t  the increase in radiote1e6cop dimen- 
sions s3ould not, i;l the nearest future, cause any technical d i f f icu l t ies ,  
we shall estimate the i r  threshold resolution, l imited only by the condi- 
tio-?s of radiowave propagation in nonuniform media, such as the Ea r th ' s  
atmosphere and the cosmic gas. 

OGRANICHENIYE BAZRESHAYUSHCHEY SILY RADIOTELESKOPOV I RADIOINTEBPEROME- 

V ATi.IOSFERE ZXMLI. 
TROV !&A SCHZT USIDVIY RASPROSTRANZNIYA RADIOVOLN V KOSMICHESKOP SREDE I 
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The n o n u n i f o d t y  of the index of refraction of a medium 
with mobile condensations distributed at random leads t o  the perturbation 
of the wave's phase front, and by way of consequence, 
(see Fig, 1 )  

for a ray having crossed the  inhomogetnous medium ie E l ]  

t o  sca t te r ing  

rphe mean square of phase deflections from the  unperturbed one 

and the angle of sca t te r ing  h t he  geometric opt ics '  approximation is 

/--- 
where 1 Anz is the root-aean square deflection of the index of refraction; 
r is the correlation radius (mean dimension of nonuniformities or irregu- 
lari t ies);  S is t he  path of the ray in the m e d i u m ;  A is the wavelength. 

\ \  

Fig. 1, - Distortion of wave's 
phase front. The scattering. mcle 
is smaller than the angular dinen- 

1 - wave ' 6  plane front  : 2 - nonuni- 
form layer;  3 - dis tor ted  wave 
front  ; 4 - antennas. 

s i o n  of the irregvlority.  

If ?< I, a halo form around 
the source on account of scattering; 
t h i s  halo does not hinder the deter- 
mination of souroels dimensions, but 
i t  weakens the  f lux in the princ$pal 
direction, so that [ 2 ]  

P =  ( 1 - 7 ) ~ ~  at ?<I. 
A t  strong scat ter ing,  when 3 3 3, 

random ref rac t iona l  errors and a 
f i c t i t i o u s  magnification of source*s 
dimensions, determined by the expres- 
sion (2), may be obeerved. Both phe- 
nomena may l i m i t  the threshold reso- 
lut ion of the radiotelescopes, I n  

order t o  estimate these e f fec ts ,  the parameters of the i r r egu la r i t i e s  are 
essent ia l ,  namely G, r, S, 
compiled in the Table 1 [next page] ( r e fe r  t o  E3 - 191 ), whose oriented values fo r  various media are 
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Interpla- 
netary 
C 1 1 -  161 

. .  
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- --- 
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! 
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T A B L E  1 

PIE D I U M  1 S, cm r, cc1 v w  I ;?NLJOTATIONS I I 

. .-_- - - ___ 

Troposphere 
c3,43 

horizon 

i n  the I e c l i p  tic 

I I 

I - . - ._ . . 

I Stp = 5.10 .a: -  is the 
thickness o t  the tropo- 
sphere a t  eeni th .  ________ 

S , , ~ = I P  ~1 is the thick- 
ness- of near-Earthr layer( 

whence s = 1.5. iwcosw h 

The absence of cloudineh 
is assumed. 
-. .-. . 

j/krV' = iir' h'= f* u1-i 

Denotations and Remarks  

8 is t h e  path of the ray in t h e  medium; f is  the correlation radias; 
R is the concentration of electrons; A is the wavelength: )/=is the 
/root-mean-square deflection of the index of refraction. 
I *  A t  observation ia the direction to  the Sun; 
' * *  assuming t h a t  the dimension of i r r egu la r i t i e s  var ies  l i t t l e  a t  drifting 
'away from the Sun. 
I 

The widening of the angular dimensions of the point source t o  the 
value ?/> 
R distance f i - s > $ / k ) .  

w i l l  be observed i n  the faraway zone of scat ter ing regions ( a t  
- As follows from the data of the Table  1 above, 
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a a d  from t h e  expression (11, in aU. c a s e s  when <-?a 1, 

no t  s a t i s f i e d  on Earth. The t e r r e s t r i a l  observer  is s i t u a t e d  3.n t h e  nearby 
zone of s c a t t e r i n g  i r r e , q l a r i t i e s ,  and in t h i s  case  t h e  c o r r e l a t i o n s  between 

t h e  scattering angle  v's, t h e  angular diameter of s c a t t e r i n g  r e g i o n s  vs 
and t h e  r e l a t i v e  dinension of the antenna of the  s y s t e m  d / r  are e s s e n t i a l  
for t h e  l i m i t a t i o n  of t h e  threshold  resolving power. 

t h i s  cond i t ion  i s  

A t  f u l f i l l m e n t  of  t he  c o r r e l a t i o n  

VF > V,i (3i 
t he  rays, having p s s e d  t h e  regions of t h e  3ediun at distances exceeding 
t h e  c o r r e l a t i o n  r a d i u s ,  and correspondingly d i f f e r e n t  in t h e i r  d i r e c t i o n  
(Fig, 2 a), w i l l  h i t  t he  system (of  any dimension), The beam of rays w X l l  

go s e p a r a t e  ways, and t h e  source  w i l l  be found widened by a magnitude of  
t h e  o rde r  1/2. I n  t h i s  case t h e  r e s o l u t i o n  of the  antenna system will be 

l i l i i t e d  by t h e  value of t h i s  widening, If 

J / -  4 JfF, (4) 

t h e  e f f e c t  m a y  become d i f f e r e n t  f o r  cont inuous antennas and for b te r f c ro -  
meters ;  at t h e  same time a s u b s t a n t i a l  dependence of antenna sgetem's d i -  
= e x i o n s  must be observed. 

Waves, having crossed the  regions of t h e  medium at d i s t a n c e s  ex- 

ceeding the ccrrelFL.ion rZ.clP:s end hming  in connection w i t h  this =-- 
l a t e d  phase s h i f t s  (Fiq. 2 61, vi11 h i t  e i t h e r  a cont inuous or multielement 
zntcnna s g s t e z  with diness ions  d > r. 

The phase f l u c t u a t i o n s  will canso t h e  loss of t h e  e f f e c t i v e  surface 
of t h e  antenna and t h e  widening of its r a d i a t i o n  pattern. Requiring t h a t  

t h e  loss of antenna ampl i f i ca t ion  in the  p r i n c i p a l  d i r e c t i o n  do not exceed 

30 percent ,  we s h a l l  f ind ,  according t a  [ZOl, t h a t  a t  
s i o n s  of t h e  antenna m u s t  not exceed t k e  Tahe 

@ 2 1 t h e  dimen- 

d = tnr. where 0,s < 4 2 (5) 

depending upon t h e  value of +2 w' cocsequent ly  
p o w e r  w i l l  be 0 2 h / NLT.  

dimension t f / rx - l  w i l l  be h i t  by rays having c rossed  t h e  r eg ion  of t h e  
medium v i t h  dimension less than r 

t h e  an tenna ' s  r e s o l v i n g  

lilhen the  cond i t ions  (4) a r e  s a t i s f i e d , t h e  antenna wi th  re la t ive 

( F i g , l )  and having received in connection 



w i t h  t ha t  ident ica l  deflections. I n  case of fixed i r regular i t ies ,  the 

source's passing through antenna pattern will not widen its lobe. Only 
an uncertainty of the order @ will appear i n  the source's coordinate. 

a -!:I.- 

Pig. 2. - Widening of source's 
angular dimensions: 

&-angle of scat ter ing 
greater than the angular dimen- 
sion of the i r regular i ty ,  
antenna m n s i c n  a e r .  I- 
antenna dimension greater t h a n  
tha t  of the i r regular i ty  d > r .  
The antenna receives r a d i a t i o n  
from all directions w i t h i n  the 
limits of the scat ter ing angle 

The motion of i r r egu la r i t i e s  w i l l  
induce the osc i l la t ion  of the angle 
of radiat ion a r r iva l ,  which may l i m i t  
the antenna's resolving power, If 
during the time T of source's pas- 

sing through antenna radiation pat tern 
(in the regiae of passage or of a 
slowed-down slipping) the shift of 
radiation's incidence angle and the 
corresponding widening of the curve 

of passage w i l l  reach the value of 
lobe widening A 0 < 0 = k / d  and it 
may be then neglected. ( A t  the same 
time the uncertaiztg i n  source's d i -  

mensions l i e s  within the range 

8 4 A8sowce 4 A/ld where 2 e 2 - 3, 
depending upon the dis t r ibut ion of 

brightness by the  source and the shape of antenna's radiat ion pat tern [24,25]) 
The s h i f t  of the  angle of a r r iva l  during the time T +S, by order of ma@- 
tude,equal t o  

v'2TT/t  at T < t ,  
A0 = 

[le at T > t .  

H e r e  t = r / w  is  the characterist ic time of i r r egu la r i ty  paesage, V is 
the motion velocity of the irregularity.  Let us rewrite the requirement 
' M < e  taking i n to  account (6a), i n  the form 

I / F T / t  kid 
and consequently 
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- - 
Taking i n t o  accotx t  tke  r e l a t i o n s h i p  between V' m a  cfa stemxing from (1) 
and (21, we have : 

I= = L I q2 1 nr, I / -  

and hence w e  ob ta in  t h e  l i l r i t a t i o n  for the r e g i s t r a t i o n  t ime: 

Takin? i n t o  account t h a t  the  time cons tan t  'C of t he  output  device m u s t  
be by s e v e r a l  f a c t o r s  s h o r t e r  then T ,  ne shall ob te in  

In t h e  t r a n s i t i o n a l  regime T = i . / d o C o s 6 ,  where Q i F  t h e  angular velo- 

c i t y  of Earth'E r o t a t i o n  and 
for v-hich i m i d e n t  a3rle  oscili-etions can be neglec ted ,  will become 

6 ie t h e  Eource'F d e c l i n a t i o n ,  t h e  cond i t ion  

All t h e  preceding di6cuseions r e f e r r e d  to one of t h e  f reauencies  of t h e  

admit ted band. Horever, a6 a r e s u l t  of  d i spere ion  (vZ=dL2 from (2) 

and T a b l e  11, t d s i n g  p lace  for a l l  media except t h e  t roposphere,  the i n -  
c iden t  angles of t h e  r a d i a t i o n  i n  d i f f e r e n t  wavelengths wi th in  the  bands 
of admitted frequencies  w i l l  be d i f f e r e n t .  Th i s  may l e a d  t o  a f i c t i t i o u s  

inc rease  of ~ o u r c e ' 8  dinensions by a value 

There A V / V  if %he reletL;-ss frenuencg band. Th i s  e f f e c t  may again  be neg- 

l e c + e C  provided 

w i d e -  of  +.he frequency bzcd Fe 
A l / 2 <  8 = h i d ,  e e n c e  stem the  r ecu i r enen t  t h a t  t h e  
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Therefore ,  t he  disperFion and tke  o s c i l l a t i o n s  ai t h e  icc idence  

anz le  l i m i t i n g  the  freouency band and t he  t i a e  cor,atect  t o  t he  va lues  (10)  
and (81, detern ine  the  r ad io t e l e scope ' s  t h re sho ld  response 

nkere TIII i? t h e  i n t e g r a l  no ise  t e q e r a t u r e  02 t h e  rad io te lescope ,  t a k i n g  

i n t o  account t h e  s c a t t e r i n g  i n  t h e  antenna and t he  absorp t ion  a t  propaga- 

t i o n .  The wave's phase v a r i a t i o n ,  l i nked  w i t h  t h e  motion of  medium's i r re-  
g u l a r i t i e s ,  muEt induce t h e  widening of s i c n a l ' s  spectrum by 

which ma-r r e m l t  e tssent ie l  dxr ina  aca lT l s i s  of the  r a d i a t i o n  rece ived  from 
a nonocFrometic Eource, for t:ie est imate  of processes ,  t ak ing  p lace  i n  i t  
end the i cveF t iga t ion  of t h e  p e c u l i a r i t i e s  of t h e  medium i n  which t h e  radi- 
e t i o n  propagetee. T h w ,  at f u l f i l l m e n t  of c o r r e l a t i o n s  ( 8 )  a n d  (101, and 
e t ~ o  of tile condi t ion (41, continuous or multielement antennas mayhave a 
d i n e m i o n  c loee  t o  ,F, but  m w t  not be s u k t a n t i a l l y  g r e a t e r ,  ( s ee  (5) ). 
Rore*.-er, cs --ill be Fhosn below. a tso-antenna in t e r f e romete r  w i t h  antennas 
hevic.; a dimension d e r ,  can have a base D s i g n i f i c a n t l y  exceeding r. 
T n e  measurement o i -: riz-: t nes s  d ia  t r i b u t i o n  

T(E)  = (1/2x) j T ( s )  c s p ( 2 x j S ~ )  dt, 
-m 

of t h e  radioemission source w i t h  the  h e l p  of two-antenna in t e r f e romete r8  

i s  based upon t h e  determinat ion of t h e  spectrum of s p a t i a l  f requencies  o r  
of coaplex v i s i b i l i t y  func t ion  h.1 

w h e r e  Prrntic(s) and Prllnl(s) m e  the maxiumum a n d  minimun va lues  of  s i g n a l  power 
a t  i c t e r f e r o n e t e r  output  w i t h  a baee D = s h ;  e , ( ~ )  58 t h e  angular  s c a t t e r i n g  

between two maxima of the  envelope and of the  zero  l o b e ;  e ( s )  is t h e  

v i d t ?  of  t h e  l o b e .  The phaFe f l u c t u a t i o n s  m a k e  eo ( 6 )  a random a u a n t i t y ,  

o s c i l l a t i n g  n e a r  t h e  t r u e  va lue  which can be determined only as a result 
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of  numerou6 measurementb. For the de te rmisa t ion  of t h e  dimensions of 

s o u r c e s  at  given mollels of brightnese d i s t r i b u t i o n  cbout the  sou rce ,  i t  
i e  s u f f i c i e n t  t o  measure t h e  nodule of  t h e  v i f i b i l i t g  func t ion  [22,233 

v = (PBL13liC - P&*Ifll) / ( P  P;lliC + P3!,rn), 

wf?ich remires eit:-er t' e r e p i s t r e t i o n  of the lobe  t r a m i t i o n  curve,  o r  

remrete  mearurenen t of t3:e ve r i zb le  ar.d c o m t a n t  s i g n a l  components, respec t -  
i v e l y  p ropor t iona l  t o  arlfi (Pbla,, $. Plltlll). S i n c e  t he  i n t e r f e r o m e t e r  
ir d e r i m e d  f o r  t;le r ec r i r t r a t ion  of r a f i i a t i o n  f luxes  of q u i t e  low power, 
i n  o r d e r  t o  o > t e i n  t h e  r e c u i r e d  e e n s i t i v i t y  one must ensure  an accumula- 

t i o n  during a sufficient t i n e .  To t h a t  e f f e c t  i t  is poss ib l e  t o  slow dawi 

t h e  s o u r c e * s  passzge v e l o c i t y  through t h e  p a t t e r n ,  i n t roduc ing  such an 
accompaniment by its lobe  r a d i a t i o n  p a t t e r n ,  so as t h e  l o b e s   pa^^ dur ing  
a s u f f i c i e n t l y  longe r  ti=, or apply a resonance f i l t e r  t o  v a r i a b l e  compo- 
nen t  frequency w i t h  a s u f f i c i e n t l y  narrow frequency 5 m d  'OK = I/%. 

f l u c t u a t i o n s  of phase d i f f e r e n c e  on i n t e r f e r o m e t e r  a z t e n n ~ s  lead at t h e  

f i r s t  method of r e g i s t r a t i o n  t o  the  d i s r u p t i o n  of t k e  r e g u l a r i t y  of t h e  
l o b e  t r a n s i t i o n  curve,  w h i l e  a t  the seconci metbod i t  r e r u l t s  i n  t h e  change 
of t h e  freauency of lobes '  - ? a r - r f e  ; y  &)= l/G/t*. 

(Puil,(c - Px,nJ 

The 

- 

I n  o r d e r  t o  o b t e i n  t .e valucc of t!-e v i s i b i l i t y  func t ion ' s  module 

v i t f :  admisr ib le  d i e t o r t i o n s ,  the 6elay of  lobes '  r e g i s t r a t i o n  a t  t h e  

f i m t  reYiE t ra t ioc  m u F t  snt. 'T -0  - r e e t  CF t o  have t h e  f l u c t u a t i o n a l  inear- 
sion of @aFe d i f f e rence  (l'G!L)T 'Jecone, dur ing  t h e  per iod  t of 
l o b e  r e d &  t r e  t i o n ,  - g r e a t e r  than  lradisn, w h i l e  when apply ing  t h e  

Beconb method, the  freauency band of t h e  reEonance contour a t  i n t e r f e r o -  

meter output  must  be 

Therefore ,  no rnatter what tile metfiod of r e g i s t r a t i o n ,  w e  have 7 t /vT. 
This  c i rcur-s tance allows, so long as Ee do not  s e t  LF t > e  grob len  of 

neasurenent o f  v i s i b i l i t y  f u n c t i o n ' s  Thase, ts l c r e r  the requirements  of 
heterodyne s t a b i l i t y  on intc--rfc rc .?:kpr  ? - t e : - - - i r  t o  .,:.re v a u e  
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Taking i n t o  account t h a t  t h e  phase d i f f e r e n c e  of r a y s , h i t t i n g  t h e  i n t e r -  

fe remeter  axitennas an2 divided bv t h e  d i s t a n c e  I), is 

. r  t 

The total. rei ' is+,retio?l tize '1 =Kc, on ak ich  t h e  i n t e r f e r o n e t e r  s e n s i t i v i t y  
t y  is aependent 

s t r u c t u r e  and t h e  v e l o c i t y  of its displacement r e l a t i v e  t o  the 8owce. 
Ghen t h e  envelope is f ixed ,  i t  rill be of t h e  order of t k e  time of ~ o u r c e ' e  
p a s E a e  through t h e  multilobe r a d i a t i o n  ~ a t t c r : :  cf \::-e irterferometer, 
bounded b:r t h e  envelope, t h a t  is T = ( i . / D )  ( v / A v )  ( l / Q ) ;  iylexe A,,T-= ( h / b )  (,,/Q) = 

=c/DC2,(9  beinr; the an::ulor v e l o c i t y  of E a r - L ' s  r o t z t i o n ) .  I n  t3e r e ~ i m e  
of s o u r c e ' s  accompaniment by the envelope, T m e g  be s u f f i c i e n t l y  great. 

is also determined by t h e  with of t h e  envelope of the lobe 

- 

The frecuencg band 3~ i s  d e t e r m i n e d  by t h e  requirement t h a t  t h e  
d i f f e r e n t i a l  phase d i f f e r e n c e  on i n t e r f e r o m e t e r  antennas at frequency band 
edrres ,  conditioned by d i s p e r s i o n ,  be 

whence, t a k i n g  i n t o  account (111, w e  o b t a i n  

Thus, ahen observing the co2ditior.z (12) ar?d (13>, t 3e  base D of t h e  

two-antenna i n t e r f e r o m e t e r  may be s i g n i f i c a n t l y  greater than  t h e  c o r r e l a t i o n  

1 
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r a d i u s  of t h e  s c a t t e r i n -  reg ions  on the  condi t ion  t h a t  t h e  dimension 

of i c t e r f e r o m e t e r  antennas 'ne d<r.  

For the  es t imete  of t h e  tn reskold  r e s o l u t i o n  of entenna syaterna 
- 

re h w e  recourse t o  Tehle 2, i n  which t h e  ve1ue.r of 
a r e  com?iled alongside p i t h  the  aavelenyth renpee ir t ;.ic:c cp2> 1 , v?%vs- 
It m ~ y  be m e n  from Table 2 t b o t  t h e  --reeteet ph8Se d i s t u r b a n c e F  a r e  un- 

dercone by t h e  wave a t  c ros s ing  t h e  cosmic medium. The t rogosphere may 

provide a s t rone :  s c a t t e r i n r  ($> 1) only i n  microwaves*, while t h e  d i s -  
t a rbed  ionosphere - i n  :z.a-:elengths > 40 cm. Therefore ,  the dinension o f  

continuous antennas i o  tliese ranges i E  l i n i t e d ,  according t o  ( 5 )  by a 
maFnitude comparable w i t 3  t h e  dinecsion of i r r e g u l a r i t i e s  of t h e  corree-  

ponding media. The condi t ion  

at which widening of t h e  source  by a c u a n t i t g  of t h e  o rde r  I/z takee place ,  

and t:;e lir-iitation of antenna 6ystem13~ r e s o l u t i o n  by t h i s  quan t i ty  l i nked  
w i t h  i t ,  ie f u l f i l l e d  i n  the  i n t e r p l a n e t a r y  medium i n  wavelengths > 
a t  observa t ion  i n  the e c l i p t i c  plane (toward t h e  side of t h e  Sun) and i n  
uavelenyths  > l o  m i n  t!-e d i r e c t i o n  of  tile e c l i t p i c  po le ,  and also i n  
the  i n t e r s t e l l a r  medium ( i n  tf7e G a l a x y  p lane )  i n  decameter wavelengths. 

Hoix-eyrer, t h e  an,sle of s c a t t e r i n q ,  condi t ioned by t he  in f luence  of t h e  i n -  
t e r s t e l l a r  gas, is small by conparison w i t k  t h a t  provided by t h e  inter- 
e t e l l o r  nedium, and i t  may be neglected.  The p a r t i a l  widening 0 < At&,,, <vg 
of t h e  bource on eccount of ~ c a t t e r i n q  i n  t h e  i n t e r p l a n e t a q  medium may 
be o-zserved i r ,  t he  15- 20 cm band a t  observa t ion  i n  the ec l ip t i c  plane 

and, correepondingly,  i n  the  3- 10 m wavelengths i n  t h e  d i r e c t i o n  of t h e  

e c l i p t i c  pole .  For a l l  remaining media (w5ere (pz 3 1) and for t he  i n t e r -  
p l ane ta ry  gas a t  waves < 15 c m  ( i n  t h e  e c l i p t i c  p l a n e )  and < 3 m (in t h e  
d i r e c t i o n  of the e c l i p t i c  p o l e )  vF<vz9 

q9(k),vmlVz4 - 

I/ 2: > I/; 

and t h e  widening of t h e  p o i n t  

* The in f luence  of clouds and hydrometeor6 ie n o t  considered he re ,  for t h e  
unique i n v e s t i g a t i o n s  of extreme small radioemission sources  may be carried 
out  at f a v o r a t l e  weather condi t ions ,  The near-Earth l a y e r  is  only taken i n t o  
account i n  t h e  i n c l i n e d  ray and the  phase f l u c t u a t i o n s  on t h e  h o r i z o n t a l  
t r a c e  of t h a t  l a y e r  a r e  no t  considered, f o r  i t  is eEtimated poss ib l e  t o  cons- 
t r u c t  a rad io te lescope  i n  which high-frequency channela,  pass ing  in t h e  
t u r b u l e n t  near-3erth l a y e r ,  are abeent ,  or  an automatic c o r r e c t i o n  ie i n t r o -  
duced, rccount ing phase f l u c t w t i o m  z t  propsga t inq  on t h e  h o r i z o n t a l  trace. 



11. 

source will not  be s u % s t a n t i a l  i f  t - e  conrii t lons (8 j ,  (19 j ma d<r ?re  

e e t i a f i e d  for continuous a z t e n n x  0-6  (1-1 (1 z ,  f o r  t h e  i 2 t e r f e r o n c  t e r s .  

I - 

M E D I U M  

-- 
A" horizon 

. ,  

1.7 5 
xL 

1 e;;;;e 1 e n t i r e  
band 

1.2 310 -15 10-6 1 1 6 4  I en t i r e  e n t i r e  
AV I 1 band I band 

mePn scua re  of phase i n c u r s i o r .  vz is t h e  s c a t t e r i n g  an- le ;  If3 i e  t h e  52 - 
s n g u l s r  dimension of t h e  i r r e p l a r i t y ;  t is the  t i m e  of i ts dir,:1 sce.3ent. 

- 
For an undisturbed ionosphere L9" = 1.5 A 2  and t h e  scat ter ing is im- 

a a t e r i a l  w i t h i n  t h e  radioastronomy band. 

On t h e  b a s i s  of t h e  above-presented c a l c u l a t i o n s  w e  cons t ruc t ed  a 
graph ( s e e  Fig. 3) ,showing what threshold reEolu t ion  ( i n  ~ e c o n d s  of  arc)  can 
be a t t a i n e d  with t h e  help of continuous antenna and in te r fe romeneters  i n  

var ioue wavelengths. 



It follows from t h e  graph of P i g . 3  t h a t :  

12 . 

1.- In t h e  microwave band, where the  r e s t r i c t i o n  is l a i d  on by 
t h e  t roposphere,  t h e  t h re sho ld  r e s o l u t i o n  of antennas h a s  an orde r  of a 
few seconds of a r c  and, depending upon t h e  angle  of t h e  spo t ,  is inc luded  
between t h e  values determined by t h e  c u r v ~ s  ad  and a' 6 ', p l o t t e d  for 
t h e  observa t ion  r e s p e c t i v e l y  a t  zen i th  a n d  near  horizon ( a t  h =loo). 

2.- The cent imeter  and s h o r t  decimeter wave band, for which only 
s c a t t e r i n g  i n  t h e  inter7lanetaz-y gas is material, is optimum for c o n t i -  
niious (conpact)  antennas. ,cere the r e s o l u t i o n  may a t t a i n  va lues  of loo2 - 
10.3 s e c  of a r c  a t  cbserva t ion  in t h e  e c l i p t i c  plane ( s e p e n t  8% of tZze 

curve)  and s t i l l  greater values in o t h e r  
d i r e c t i o n s .  

3. - Over t h e  longwave por t ion  of 
t h e  decimeter band and i n  n e t e r  waves t h e  
th re sho ld  r e s o l u t i o n  of antennas is worse 
than 10 sec  of arc. The p o r t i o n  3 e  is 
determined by s c a t t e r i n g  in t h e  d i s tu rbed  
ionosphere. k t  observat ion i n  the e c l i p -  

t i c  plane the  r e s c l v i n g  power is l b i t e d  

by t h e  po r t ion  of the  curve e'= (and not  
e ' e  
po le ) ,  which characterizes t h e  widening of 
s o u r c e * s  dimensions on account of scatter- 
i n g  i n  t he  i n t e r p l a n e t a r y  medium. 

as at observa t ion  near  t h e  e c l i p t i c  

4. -The r e s o l u t i o n  of a two- 

antenna in t e r f e romete r  is not  l imi t ed  in 

Fig.3. Threshold r e s o l u t i o n  
of antenna systems : 

s o l i d  curves-  for compact 
(or mu1tielement)antennas ; 
dashes-  f o r  i n t e r f e r o m e t e r s  
a t  observa t ion  in t h e  e c l i t p i c  
plane ; dash-dotted- for i n t e r -  
fe rometers  a t  observa t ion  in 
t he  d i r e c t i o n  of e c l i p t i c  pole. 

wavelengths A 415cm at observat ion in t h e  e c l i p t i c  plane and < 3 m 
i n  t h e  d i r e c t i o n  of  t h e  e c l i p t i c  pole.  

5.-The r e s o l u t i o n  of the i n t e r f e r o m e t e r  in waves >50cm at  
observa t ion  i n  the  e c l i p t i c  plane and in waves 
of t h e  e c l i p t i c  pole  is r s s t r i c t e d  by t h e  value of t h e  corresponding wide- 

n ing  of t h e  po in t  source r2  

> l O m . i n  the  d i r e c t i o n  

condi t ioned by t h e  in t e rp l ane t -  gas ( j x , i l K &  



6. - In the intermediate reZion 15 cm < X 4 S c m  (in the eclitT:ic 
4 10.7 (in the eclitpic pole), the r - - m I v F n ~  ?ewer is plane) and 3 m < 

limited by the quantity A0 l y ing  within the 1iuit.r o < AO 11;; (seg- 

ments W and a). 

The estimates brought out in Fig.3,bear a rough, ap9roxinate cha- 
racter, since experimental data on the irregularity of the cosmic medium 
and of the disturbed ionosphere are still scarce. The parameters, character%- 
zing the irregularities of the troposphere, have climatic peculiarities and 
a seasonal course. As a result, the resolutions obtained here for the radio- 
telescopes of the microwave band may vary. The construction of radiotelesco- 
pes of extremely high resolution could serve, alongside with the main problem 
of investigation, for making more precise the parameters of the troposphere, 
ionosphere and interplanetary medium also. 
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